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Bjorksten  Research  Laboratories,  Inc. 


FOREWORD 


This  is  the  Final  Report  on  work  performed  under  Contract  DA  18- 
108-AMC-171(A).  It  describes  the  work  performed  during  the  period 
July  1,  1963  through  February  28,  1964. 


The  research  was  performed  at  Bjorksten  Research  Laboratories, 
Inc.,  Texas  Division,  Houston,  Texas,  with  Mr.  Luther  L.  Yaeger  as 
Project  Leader  and  Messrs.  Risto  P.  Lappala  and  Joel  N.  Lipscomb  as 
contributing  technical  personnel.  Administratively  the  project  was 
managed  from  Bjorksten  Research  Laboratories,  Inc.  ,  Madison,  Wisconsin. 
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QBJBGTIVE 

T©  iavestigate  a  new  techiniq,ue  capable  of  forming  a  non¬ 
agglomerating  powder  of  presized  solid  cbernieal  agents  and  simulants 
a.s|Qllows; 

(1)  Para-aminobenzoic  acid; 

(2)  Saccharin; 

(3)  Besoreinol; 

(4)  CN; 

(5)  BZ. 

Work  on  the  last  two  classified  agents  to  be  performed  at 
Edg^ewood  Arsenal,  Maryland,  only  in  the  event  that  the  successful 
processing  of  the  first  three  can  be  accomplished. 

Processing  to.  consist  of  spray-drying  the  specified  materials. 

The  materials  to  be  spray -dried  to  have  at  least  90%  of  the 
particles,  by  weight,  in  the  size  range  of  0.75  to  10  microns  in  diameter. 

Study  the  properties  of  these  compounds  to  determine: 

{1}  Which  antistatic  additives  will  be  incorporated  in  the  material; 

(2)  The  best  qualified  solvents  for  the  spray-drying  process;  and 

(3)  The  flow  characteristics  of  these  powdered  materials  before 
processing  as  well  as  after  incorporation  of  the  antistatic  additive. 

Comparative  tests  to  be  made  of  each  compound  to  determine  if 
the  flow  characteristics  have  been  improved  by  the  incorporation  of  the 
antd  s tati  c  adddtive  s . 
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SUMMARY 


Saccharin,  (orfeho-henzoic  sulfimide)  and  para-aminobenzoic  acid 
(PABA)  were  successfully  spray  dried  to  provide  particles  less  than 
10  microns  in  diameter  from  solvent  systems  of  70%  acetone,  3  0%  carbon 
tetrachloride  (by  volume).  One  hundred  grains  each  of  PABA  and  sac¬ 
charin  with  and  without  antistatic  agent  added  to  solvent  solution  were 
prepared  in  a  spray-dried  form  with  90%  of  the  particles  in  the  size  range 
of  0.  75  to  10  microns  in  diameter. 


Solutions  of  resorcinol  were  also  dried  from  appropriate  solvent 
systems  but  the  dried  product  was  found  to  be  too  hygroscopic  to  handle 
under  ordinary  atmospheric  conditions. 


A  spray  dryer  was  designed  and  constructed  with  sufficient  adapt¬ 
ability  and  simplicity  to  permit  the  evaluation  of  different  atomization 
devices,  hot  gas-spray  mixing  procedure,  powder  collection  and  separa¬ 
tion  equipment.  Rapid  disassembly  for  thorough  cleaning  was  a  built-m 
feature . 


An  electrostatic  precipitator  was  devised  to  collect  a  large  portion 
of  the  minor  particles  not  retained  by  the  cyclone  separator. 


An  air  separator  for  further  classifying  the  collected  particles  was 
built  and  evaluated. 


Among  the  atomization  devices  used  were:  spinning  disc,  centrif¬ 
ugal  pressure  nozzle,  impingement  and  pneumatic,  the  pneumatic  nozzle 
proved  to  be  the  most  successful  of  the  devices. 
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In  discussing  the  theory  of  spray  drying  ari-d  the  advahlage's  and 
disadvantage s  of  various  types  of  atomizatiori  devices,  w@  quof©  ieidiely 
from  "Atornization.  and  Spray  Drying,  "  W.  R..  Marshall,  Jf,,  puhiiahsd 
by  the  American  Institute  of  Chernical  Engineers,  Lib r ary  df  CoBgifess 
Catalog  No.  54»12;941.  Direet  quotations  are  so  noted. 

Spray  drying  is  accomplished  by  atomization  of  a  highly  dispersed 
liquid  state  in  a  high  temperature  gas  zone,  followed  hy  rapid  eva'pofation 
and  drying  of  the  droplets.  The  three  equally  irciportanf  o*pf 'rations 
involved  are  (1)  atomization,  (2)  spray ^gas  mixing,  and  {'3)  drying  of 
Liquid  drops,  followed  by  the  removal  and  collection  of  dry  prodiUet.  As 
the  three  processes  occur  virtually  simultaneously,  the  drying  operation 
can  be  controlled  by  the  operation  which  requires  the  greatest  time  to 
perform.  Should  the  nnimng  of  the  gas  and  the  spray  require  consider¬ 
ably  greater  time  than  the  evaporation  process,  some  of  the  advantages 
of  a  short  drying  time  are  lost.  With  nonunilorm  atomization,  the  large 
drojps  will  control  the  overall  drying  time  and  the  small  particles  may 
be  subiect  to  overheating  because  of  their  more  rapid  evaporation  rates 
and  shorter  drying  times.  1/  An  extensive  bibliography  on  atomization 
compiled  by  DeJuhasz  2/  is  evidence  of  the  considerable  literature  on 
the  subject. 

Spray  drying  has  several  principle  advantages  over  other  drying 
methods.  Certain  property  and  quality  values  of  the  prodiuct  may  be 
cotitrolled  and  varied:  A  particle  shape  approximating  a  sphere,  usually 
hollow,  sometimes  solid,  with  a  density  and  partieie  size  which  may  he 
varied  in  a  given  range  is  obtainable;  it  is  also  possible  to  preserve  the 
quality  of  the  product  which  may  otherwise  be  destroyed  by  overheating. 

The  four  different  methods  of  atomizing  liquids  are; 

1,  Atomization  by  means  of  centrifugal  or  swirl  type  pressure 
nozzles, 

2.  Pneumafeic  or  gas^stream  atomiaation  in  which  a  jet  of  liquid 
is.  disinfee grated  by  a  high  velocity  gas  stream, 


1/  Marshall,  W.  R.  ,  Jr.,  "Atomizaidon  and  Drjribg- ’’ 

2/  DeJphiasz,  J.  J.  and  Meyers,  W.  E.  ,  '’Bibliography  ©f  Sprays,  " 
The  'iexas  Co, ,  Ndw  'y&rli 
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3.  Spimmg  'iise  atomi^afeiom  wkerelm  a  Uq^aid  Is  broke®  ®p  bj 
.diisfibarging  it  as  high  velocity  from  the  periphery  of  a  rapidly  retattlfif 
#so, 


4,  Iraapingeraeat  atomization  wherein  two  liquid  jf®?  irapihgd  dr 
a  single  jet  impinge  s  on  a  aoltd  aarface . 


Atomization  by  means  of  supersonic  and  subsonic  vibrations  has 
been  considered  as  well  as  atomization  by  high  voltage  eleetrieal  energy. 


The  degree  to  which  atomization  increases  the  surface  area  for 
heat  and  mass  transfer  is  best  understood  by  studyihg  the  curve  shOASa 
in  Figure  1-  3/  The  surface  area  created  is  inversely  proportional  to 
the  diameter 'of  the  atomized  drop.  Figure  lisa  plot  of  the  ratio  of 
new  to  original  surface  for  various  fractional  values  of  the  diameter 
of  the  original  liquid  mass  in  spherical  form. 


B.  Consideration  of  Purchased  Equipment  Vs.  In-House  Assembly 


Investigation  of  the  various  types  and  sizes  of  experimental  Spray 
dryers  available  commercially,  both  from  the  consideration  of  initial 
cost  and  the  high  cost  of  making  even  relatively  simple  changes  or 
adaptations  to  existing  equipment,  influenced  our  decision  to  assemble 
at  js^nimum  cost  from  easily  obtainable  standard  parts  a  versatile, 
easily  adaptable  spray  dryer  which  would  allow  the  use  of  cocurrent  or 
countercurrent  air  flow  or  the  substitution  of  any  of  the  four  methods 
of  atomization. 


The  fact  that  commercial  spray  dryers  are  relatively  inflexible 
clearly  indicated  the  need  for  designing  and  fabricating  our  own 
apparatus  whic  h  would  be  readily  convertible.  For  example,  a  com" 
mercial  Spray  dryer  designed  for  fine  atomization  is  generally 
incapable  of  producing,  a  coarse  product,  and  a  spray  dryer  designed 
for  a  thermally  stable  material  may  not  be  at  all  suited  to  a  temperature - 
sensitive  product.  A  study  of  the  droplet  size  distribution  obtained  by 
the  four  methods  of  atomizatiQn  shows  very  little  information  is  avajlable 
in  the  less^^than^ten-micron  range,  and  that  probably  the  greatest  diffi- 
eulties  lie  in  measuring  the  l©.ss"than-t©n"micrsn  rang©. 


The  initial  cost  of  a  typical  laboratory  size  spray  dryer  comer- 
cially  obtainable  was  found  to  be  about  $5,  000  for  the  basic  dryer  .  A 
©,©h,t3tlfug.al  atomizer  for  this  dryer  was  quoted  at  $100  with  a  price  of 
$13'0  for  each  separate  wheel  to  provide  different  droplet  sizes. 


i/  llarfSh^Iv  31^  gif. 
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C.  Design  and  Cotistruction  of  Spray  Drying  Apparatus 

1.  gpray  Drying  Apparatus 

% 

The  completely  assembled  spray  drying  apparatus  ready  for  an 
experimental  ru,n  is  shown  in  Figure  E. 

A  totally  enclosed  room,  Figure  3,  was  constructed  by  covering 
a  wood  framework  of  2x4's  with  Type  55  Clear  Griffolyn-'*  fabric  film. 

This  provided  a  separate  room  which  was  sufficiently  translucent  to 
admit  light  and  at  the  same  time  eliminate  the  presence  of  extraneous 
dust  and  foreign  materials.  A  screen  door  with  an  additional  two  layers 
of  outing  flannel  fastened  over  the  screen  filters  out  dust  and  at  the  same 
time  allows  a  free  passage  of  air. 

2.  Heater  Shell 

A  heater  shell  was  fabricated  of  1808  stainless  steel  as  shown  in 
Figure  4.  To  provide  the  large  heating  area,  #303  stainless  steel  strips 
were  bent  as  shown  in  the  sketch  and  bolted  to  "Chromalox"  strip  heaters 
and  the  interior  of  the  shell  as  shown  in  the  cross-section  detail,  Figure  5. 
One  end  of  the  heater  was  necked  down  to  fit  three-inch  ducting.  The  other 
end  of  the  shell  was  made  to  allow  the  insertion  of  a  shop  vacuum  cleaner 
bag,  as  shown,  which  serves  as  an  easily  replaceable,  efficient  and  low 
cost  air  filter. 

To  increase  the  efficiency  of  the  heater,  the  shell  was  then  covered 
with  a  one-inch  blanket  of  fiber  glass  and  then  enclosed  in  a  shell  of  0.  175- 
inch  aluminum  sheeting  to  prevent  tearing  of  the  fiber  glass  mat. 

3.  Drying  Chamber  Construction  Details 

A  number  of  types  or  kinds  of  shells  were  considered  for  the 
drying  chamber.  The  prices  ranged  from  approximately  $100  for  a 
stainless  steel  drum  to  $350  for  a  fabricated  shell  of  stainless  steel. 

For  $15,  two  spun  aluminum  shells  with  the  dimensions  shown  in  the 
sketch  were  obtained  from  a  metal  spinner. 

The  bottom  of  the  aluminum  shell  was  provided  with  a  hole  10-1/2 
inches  in  diameter.  A  10-3/4-inch  "Mirro  "  aluminum  ring  salad  mold 
was  fastened  as  shown  in  the  photograph  to  the  shell  with  mirror  clips 
and  sheet  metal  screws. 

A  60°  fabricated  stainless  steel  cone  was  fitted  with  a  tubulature 
at  one  end  and  a  transparent  viewing  window  on  one  side,  Figure  6. 


T.  M.  Griffolyn  Co.,  6813  Dixie  Drive,  Houston,  Texas 
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General  Electric  RTV-ll  silicone  gaskets  were  poured  in  place 
on  all  of  the  mating  surfaces  of  the  components.  RTV-ll  was  used  to 
provide  dust -impervious  gaskets  that  ■would  ■withstand  the  relatively  high 
temperatures  encountered  during  the  spray  drying  operation,  Figures  7 
and  8. 


Screw  clamps  with  fastening  dogs  were  attached  to  hold  the  drying 
chamber  in  place  and  allo^w  for  ease  of  removal. 


4.  Spray  Forming  or  Atomization  Apparatus 


Initial  trials  made  by  using  a  centrifugal  spinning  disc  type  of 
atomizer,  Figures  9  and  10,  indicated  that  the  particle  size  obtainable 
at  a  speed  of  8,  000  rprn  was  not  sufficiently  small. 


A  spinning  disc  type  of  atomizer,  while  providing  trouble-free 
and  efficient  atomization,  did  not  give  sufficient  breakup  of  the  solution 
for  the  small  particle  desired. 


A  bronze  gear  pump  with  connections  of  copper  tubing  providing 
pressure  to  a  centrifugal  pressure  nozzle  corroded  sufficiently  to  clog 
the  system.  The  bronze  pump  and  copper  tubing  was  replaced  with  a 
system  using  noncorrosive  materials  and  no  moving  parts  to  provide 
the  necessary  pressure. 


Figure  11  illustrates  a  welded  stainless  steel  vessel  with  1/4- 
inch  Sv/agclok  fittings  silver  brazed  in  place.  The  copper  fittings  were 
replaced  with  either  stainless  steel  or  steel  and  the  copper  tubing 
replaced  by  polyethylene  tubing  ■with  sufficient  wall  thickness  to  withstand 
the  pre  ssure . 


For  operation,  the  stainless  steel  vessel  was  filled  about  half  full 
of  the  solvent  solution  of  the  material  to  be  dried.  The  filling  vent  was 
then  plugged  and  air  pressure  applied  to  the  space  above  the  liquid  to 
force  the  liquid  out  through  the  nozzle  as  required.  To  minimize  clogging 
of  the  very  fine  slit  which  provides  the  tangential  flow  of  the  liquid  for  the 
centrifugal  opr  ay  nozzle,  a  simple  fuel  filter,  such  as  used  on  internal 
combustion  engines,  was  provided. 


Excessive  corrosion  of  the  zinc  diecasting  in  the  fuel  filter  by 
materials  being  dried  subsequently  made  it  necessary  to  dispense  with 
the  fuel  filter.  The  solutions  were  carefully  filtered  prior  to  use  to 
minimize  clogging. 


Trials  proved  it  best  to  introduce  the  atomized  solution  from  the 
side  rather  than  from  the  top  of  the  drying  chamber,  either  cocurrent  or 
countercurrent  to  the  flow  of  hot  drying  gases.  Figure  12  shows  the  pneu¬ 
matic  nozzle  in  place  -while  operating.  To  allo-w  for  control  and  replication 
of  drying  conditions,  a  flowmeter  was  provided  in  the  liquid  line.  Figure  13. 
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Attainpts  to  preheat  the  solvent  solution  hefore  atomization  eaas©€ 
a  rapi<J  bnil^ttp  of  tnaterial  at  the  nozzle  and  frequent  clogging.  Variations 
of  tire  "Bete'’  irnpingement  nozzle,  yigure  14a,  in  ■which  atojnizajtio,n  or 
liquid  ;attenp;atioa  is  .achieved  by  direeting  a  jet  at  high  velo.i5ifc.y  agSihSt  a 
solid  feariaet;  were  tried  and  found  diffieuit  to  dbhtroli 


AtorniztatiQn  in  which  a  Gorsipressihie  fluid  such  as  air  or  sieatft 
is  used  to  diaintegrate  a  liquid  iet  is  called  pneumatic  alTOf^^ioffl,. 
Application  of  this  method  of  s-pray  drying  hass  been  res#r'iefdd  foy  fh® 
most  part  to  experimental  spray  dryers  and  special  atomizalion  devices 
for  cre-aeiiig  test,  sprays.  Fneumatie  atomizers  are  more  suitable  than 
the  Q-bber  t^pes  of  atomizers  for  producing  very  fine  sprays  but  targe 
amounts  of  energy  are  required  per  unit  of  surface  area  ereated. 


A  pneumatic  spray  nozzle  designated  as  lA  (fluid  nozzle -16J0, 
air  no2zl6-69)  was  obtained  from  the  Spraying  Systems  Go.  ,  Bellwood, 
lUinois  and  found  the  most  satisfactory  for  providing  fine  particles,  in 
spite  of  its  very  low  capacity.  A  sketch  of  the  cross -section  of  such  a 
nozzle  is  shown  in  Figure  14b. 


5 .  Powder  Separation  Section 


From  Western  Precipitation  Corporation,  Los  Angeles,  California, 
we  obtained  a  standard  Multiclone  type  61F,  Size  1,  cyclone  type  separator. 
Figure  15.  A  fitting  was  fastened  to  the  bottom  of  the  separator  to  allow 
for  use  of  a  standard  one-quart  wide  mouth  Mason  jar  for  collection  of 
the  dried  product.  Figure  16. 


An  electrostatic  sampler  (Model  Fj  made  by  Mine  Safety 
Appliances  was  loaned  by  the  sponsoring  agency  to  collect  the  fines  not 
retained  in  the  cyclone  separator.  The  sampler  prOXfed  very  efificieut^ 
for  small  volumes  of  air  but  did  not  have  sufficient  capacity  for  use  with 
our  production. 


An  electrostatic  precipitator  of  larger  capacity  was  assembled 
in  the  laboratory  and  is  sho-wn  in  cross^seetion  in  Figure  If. 


Although  the  electrostatic  precipitator  removed  GonSiderable 
fines  from  the  air  stream,  a  certain  percentage  stiU.  passed  out  Iferough 
the  esEhaust.  Recovered  powder  yields  averaged  3\0^  to  4®%  o.f  the  input 
charge . 


For  the  collection  of  extremely  fine  particles  the  carbpn  Maek 
indiuatrvfor  instance,  customarily  uses  bag  filters  o,£  glas;s  fabrie  and 
other  industries  use  bag  filters  of  other  suibahle  fabries.  An  attempt 
was  made  to  recover  the  fines  lost  through  the  exhaust  in  the  laboratory 
spray  dryer  by  using  bag  filters  of  cotton  twill  and  glass  fabric  These 
bags  proved  successful  only  for  a  short  time  as  the  hags  soon  clogged 
and  drastically  reduced  the  porosity  and  air  flow  thus  affecting  the 
drying.  fflh,3.rac6eriafties  Uf  the  dryer. 
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6.  BLowgiy  aii;d  MiscBllamaQaa  Coatrol  Parts 

A  high  #70650  blower  d®liveriag  about  190  cfna  was 

obfcamed  from  the  W.  W.  Grainger  Company  and  eonneeted  to  the  dust 
collectian  or  powder  separation  section  by  a  fabrdeated  sheet  metal 
adaptor.  Fonr^inch  aluminum  ducting  was  provided  to  the  electrostatic 
precipitate:?  and  from  the  precipitator  as  a©  exhaust  to  the  outside. 

Suitable  electrical  outlets,  plugs  and  switches  were  provided  to 
allow  for  independent  operation  of  any  of  the  electrical  components  of 
the  system.  Dial  thermometers  were  inserted  into  the  ducting  system 
for  the  measurement  of  pertinent  temperatures. 


A  Dwyer  Flex-Tube  Manometer  #25  was  attached  to  the  blower 
system  to  give  an  indication  of  the  air  pressure  and  air  flow  involved. 

A  complete  list  of  parts  used  in  spray  drying  equipment  is  pro¬ 
vided  in  the  appendix. 

D.  Control  Test  on  Commercial  Equipment  with  the  Experimental  Material 


Arrangements  were  made  to  run  control  tests  on  a  Nerco-Nlro  port¬ 
able  spray  dryer. 

This  spray  dryer  uses  a  centrifugal  atomizer  with  a  turbine  wheel 
driven  at  30,  000  rpm  by  an  air  turbine  (this  atomizer  alone  was  quoted  at 
a  price  of  $930  with  extra  turbine  wheels  quoted  at  $130  each).  The  com¬ 
plete  dryer  was  quoted  at  $4,700  with  any  accessories  or  changes  extra. 

A  20%  solution  of  resorcinol  and  water  was  used  for  the  initial 
trial.  In  all  caTpes  the  maximum  speed  of  30,  000  rpm  was  used  on  the 
atomizer  with  a  feed  rate  of  approximately  10  cc  per  minute.  The  first 
run  appeared  to  be  discolored;  consequently,  the  inlet  and  outlet  tem¬ 
peratures  were  lojjwered.  At  the  lower  inlet  temperature  on  the  second 
run  the  material  had  to  be  fed  in  at  an  extremely  low  rate  and  still 
appeared  to  be  discolored  although  not  as  much  as  the  initial  run.  As  a 
result,  two  subsequent  runs  were  made  using  a  solvent  system  consisting 
of  60%  methyl  alcohol  and  40%  water  to  provide  a  20%  solution  of  resor¬ 
cinol.  This  allowed  further  reductions  in  the  inlet  temperature  and 
obviated  the  discoloration  occurring  when  material  was  dried  from  a 
water  solution  only. 


At  a  five-day  meeting  of  the  American  Institute  of  Chenjical 
Engineers  held  in  Houston  in  December  1963,  Mr.  Robert  R.  Freeman 
of  Biochemical  Processes,  Inc.  ,  New  Yo-xk,  presented  a  paper  (describing 
a  specialized  pneumatic -liquid  atomizing  nozzle  which  has  been  Suiccess- 
fully  used  for  spray  (drying  of  heat-sensieivs  materials  in  a  very  fine 
pariicle  size.  As  a  result  of  a  discussion  with.  Mr.  FreepaStii  arrangf-' 
mepts  were  made  to  have  a  small  quantity  af  PABA  dried  in  their 
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©jeperimeafeal  ap.f.aratus  for  eomparisoa  with  materials  dried:  ia  the 
ejgperimeatal  apparaius.  Micro seopio  @-x.amlaatiort  of  the  material 
dried  in  the  apparatws  by  BiocbemJeal  Processes  indicates  that  the 
average  particle  size  is  not  sufficiently  small  to  justify  fuirther 
inyestigation  of  this  nozzle. 


E.  Microscopic  Examination  of  the  Spray  Dried  Materials 


Spray  drying  produces  a  product  consisting  of  approximately 
spherical  particles  which  are  more  or  less  hollow,  depending  on  the 
material  and  on  certain  operating  variables.  Hollow  particles  are  the 
rule,  solid  particles  the  exception.  Duffie  and  Marshall  4/  studied  and 
photographed  a  large  variety  of  spray-dried  materials  an3”in  all  cases 
found  a  structure  of  spherical  shape.  The  spherical  shapes  are  often 
deformed  or  shriveled. 


Figures  18-26  are  photomicrographs  of  some  typical  spray-dried 
materials  and  are  explained  by  the  legends  and  in  the  text. 


A  micrometer  stage  scale,  Figure  26,  divided  into  units  of  0.01 
millimeters  was  photographed  at  the  same  magnification  as  used  for  the 
spray-dried  particles  and  may  be  used  to  obtain  some  idea  of  the  relative 
size  of  the  particles. 


Particle  Size  Determination 


A  simple,  rapid  method  for  preparing  slides  of  the  various  spray- 
dried  powders  for  microscopic  examination  was  developed. 


A  thin, film  of  a  diluted  solution  of  pressure  sensitive  adhesive, 
which  dries  to  a  clear  film,  was  spread  on  a  microscope  slide  using  a 
blood-smear  technique.  The  film  was  then  dried  to  a  permanently  tacky 
condition  and  a  small  amount  of  the  dried  powder  was  blown  across  the 
tacky  surface.  The  slide  was  gently  tapped  and  the  excess  powder  removed. 


By  means  of  the  mirror  and  the  Abbe  condenser,  it  is  possible  to 
project  into  the  plane  of  the  object  lying  upon  the  stage,  the  image  of  the 
scale  whose  value  has  been  ascertained.  Both  scale  and  object  are  mag¬ 
nified  together  and  it,  therefore,  follows  that  no  matterwhat  maybe  the 
combination  of  the  objective  and  ocular  employed  the  value  of  the  divisions 
of  the  scale  image  will  remain  unchanged,  provided  that  the  da  stance  of  the 
scale  image  will  remain  unchanged,  provided  that  the  distance  of  the  scale 
from  the  condenser  is  not  altered.  This  method  was  lth6roug;hly  tested  out 
by  Ives  in  1903  "Journal  of  the  Franklin  Institute"  1 54,  73,  and  described 
in  "Handbook  of  Chemical  MiGroscopy,  "  Chamot  and  Mason;,  Volume  I, 
John  Wiley  &  Sons  under  a  chapter  on  "MlGroscopic  Measurements." 


4/  Duffie,  J.  A.,  Marshall,  W.  R. ,  Jr.,  Chem.  Eng.  Prog,  49,  417, 
480  {1933).  -  -  -  r  — 
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By  this  technique  a  large  number  of  fields  can  be  rapidly  evaluated 
for  particle  size  distribution.  This  is  especially  true  if  the  projected 
scale  image  is  calibrated  by  means  of  a  stage  micrometer  to  read  in  divi¬ 
sions.  of  10  microns. 

A  number  of  methods  are  known  for  determining  the  size  of 
particles.  Optical  methods  depend  on  light  scattering  or  transmission 
and  are  used  mainly  for  determining  the  sizes  of  particles  in  aerosols. 
Another  method  for  determining  the  mean  value  for  the  diameters  of  the 
particles  in  materials  is  based  on  permeability  or  the  rate  of  flow  of  a 
fluid  or  gas  through  a  bed  of  particles. 

The  Fisher  Sub-sieve  Sizer  manufactured  by  the  Fisher  Scientific 
Company  embodies  the  principles  of  a  particle  size  measuring  apparatus 
assembled  and  used  by  Ernest  L.  Gooden  and  Charles  N.  Smith.  5/  This 
instrument  has  been  designed  for  simplicity  of  the  measurement  of  particle 
size  through  standardization  of  conditions. 

Preliminary  determinations  on  three  samples  of  PABA  indicated 
that  this  instrument  would  save  considerable  time  in  determinations  of 
average  particle  size  of  powders. 

A  discussion  of  the  various  sizing  methods  has  recently  been 
published.  6/ 

G.  Solvent  Systems 

Optimum  solvent  systems  and  operating  conditions  to  provide  the 
most  efficient  spray  drying  consistent  with  particle  size  and  uniformity 
were  empirically  determined  and  100-gram  samples  of  PABA  and  sac¬ 
charin  were  prepared  using  no  antistatic  agents  and  an  antistatic  agent 
designated  as  Cananac  SN  for  each  of  the  materials. 

H.  Powder  Flowability 

Two  separate  protective  colloids  were  used  under  different  condi¬ 
tions  in  an  attempt  to  minimize  crystal  formation  in  the  spray-dried 
materials.  They  are  designated  as  PVP  K-30  (polyvinylpyrrolidone)  and 
Gelva  V~7,  a  polyvinyl  acetate.  Selection  of  the  proper  solvent  system 
and  drying  conditions  made  the  use  of  these  materials  unnecessary. 


5/  Gooden,  Ernest  L.  ,  and  Smith,  Charles  M.  ,  Ind.  Eng.  Chem. 
Ed.  1^,  479-482(1940). 

6/  Kaye,  Brian,  International  Science  and  Technology  2,7,  p.  40 
(March  1904). 
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For  a  simple,  rapid  determination  of  the  flow  characteristic  of 
the  spray-dried  powder,  two  125  ml  Erlenmeyer  flasks  were  used. 
Equal  quantities,  on  a  volume  basis,  of  the  powders  were  placed  in  one 
of  the  flasks;  another  flask  was  inverted  over  the  mouth  of  the  powder 
containing  flask  and  the  two  openings  taped  together.  This  apparatus  is 
shown  in  use  in  Figures  27  and  28. 


The  taped  together  flasks  were  slowly  inverted  and  the  angle  at 
which  the  most  flowable  powder  ran  into  the  lower  flask  was  used  as  a 
criterion  for  the  relative  flowability  of  the  other  powders,  i.e.  ,  the 
relative  quantity  of  powder  remaining  in  the  upper  flask  for  the  other 
two  when  at  the  same  angle  gives  a  visible  relationship  as  shown  in 
Figures  27  and  28, 


In  the  Statement  of  Vfork  under  "A,  2,  c"  was  stated:  "The  flow 
characteristics  of  these  powdered  materials  before  processing  shall  be 
determined.  "  Actually,  very  little  comparison  could  be  made  between 
the  original  materials  and  the  processed  materials  as  resorcinol  was 
supplied  in  rather  large  flakes  whereas  PABA  was  supplied  in  very  fine, 
needlelike  crystals  which  tend  to  mat  together  and  do  not  flow.  Sac¬ 
charin,  as  supplied,  has  the  appearance  of  aggregates  of  relatively  large 
crystals  which  also  tend  to  mat  and  not  flow  well.  The  powders  shown  in 
Figures  27  and  28  have  all  been  spray  dried.  Untreated  controls  are  not 
shown.  No  dried  resorcinol  is  shown  due  to  caking. 


An  attemjjt  to  control  the  uniformity  and,  perhaps,  increase  the 
density  of  the  individual  particle  during  spray  drying  was  made  by  using 
very  finely  divided  calcium  aluminum  silicate  as  a  nucleating  agent. 

ASP  #602  with  an  average  particle  size  of  0.  8  microns  supplied  by  the 
Minerals  and  Chemicals  Corporation  was  used  in  the  initial  trials. 


Five  percent  of  ASP  #602  when  used  in  a  solution  of  PABA  using 
the  dimpled  spinning  disc  and  the  jet  impingement  technique  provided 
complete  drying  and  better  uniformity  of  particle  size.  However,  the 
overall  particle  size  was  larger  than  the  desired  10  microns  or  less. 


Using  5%  of  ASP  #602  with  either  the  centrifugal  type  or  the  pneu¬ 
matic  nozzle  caused  very  rapid  clogging  in  both  cases. 


I.  Bulk  Density 


When  a  powder  is  permitted  to  fall  under  standardized  conditions 
on  a  horizontal  surface,  the  hulk  density  of  the  resulting  material 
decreases  with  decreasing  particle  size.  This  technique  has  been 
reviewed  by  Rose,  H.  E.  ,  "The  Measurement  of  Particle  Size  and  Very 
Fine  Powders,"  Constable,  London,  1953.  The  powder  is  poured 
through  a  chute  and  allowed  to  fall  into  a  cup  of  known,  volume.  The 
excess  powder  is  scraped  off  the  top  of  the  cup  which  is  then  weighed. 
The  method  is  strictly  empirical  and  must  be  calibrated  for  each  type 
of  powder  used, 
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manKeB". 
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A  sineipie,  eSielent  apparatus  -was  dio'v'issd  lor  tba 
paxtieles  in  fefee  desired  size  range  and  is  steo-wa  in  Figu’reg  2:9' and  3®- 

Tfee  collected  material  ■was  introduced  thtrongii  a  hole  in  tB.e  top 
of  the  air  classifier  and  the  proper  air  flow  determined  empirieall'f.  A 
stream  of  air  was  introduced  tangentially  through  the  hottom  of  the  ©ol^ 
lection  system  and  the  particles  10  microns  or  less  in  siz.e  were  oarried 
upward  in  the  slowly  moving  air  stream  and  collected  on  the  under storface 
of  the  filter  paper  as  shown  in  Figure  30.  A  flowmeter  was  provided  to 
allo^w  accurate  control  of  the  air  stream  and  thus  achieved  proper 
separation. 

Subsequent  microscopic  examination  of  the  particle  size  of  the 
separated  materials  showed  at  least  90%  or  better  of  particles  less  than 
10  microns  in  size. 

CONCLUSIONS  ^  recommendations 

The  assembled  apparatus  proved  satisfactory  and  sufficiently  adapt¬ 
able  and  flexible  to  allow  for  the  large  number  of  variations  that  were 
necessary  to  achieve  the  desired  results.  The  final  assembly  of  the  appara¬ 
tus  was  found  to  operate  for  long  periods  of  time  with  very  little  attention 
and  proved  to  be  easily  disassembled  for  cleaning  -whiGh,  in  an  investigation 
of  this. type,  is  of  major  importance.  Operating  instructions  are  included 
in  the  .appendix. 

A  technique  has  been  developed  for  spray  drying  PABA  and  saccharin 
to  provide  particles  of  10  microns  or  less  in  diameter. 

Th®  technique  when  applied  to  spray  drying  resorcinol  ■was  eileetive 
but  th©  hygroscopic  nature  of  the  very  fine  partleles  ©f  resorcinol  caused 
subsequent  caking  -when  exposed  to  the  atmosp^here. 

An  antistatic  agent  designated  as  Ctitanac  SN  markedly  increased 
the  flo'wability  of  both  PABA  and  sacGharia  when  ’intrO-dnGed  in  the  solvent 
system  in  the  proportion  of  1%  of  the  mateafiaas  to  be  spray  dried. 

Although  a  mean  ave.rage  particl©  dLiameter  qf  lesS'  than  10  mierons 
but  not  l©,s,s  thstn  0.  t5  microns  as  90%  of  the  total  dried  par 61  dies  obtsine'd, 
agglomeration  of  the  discrete  p'articles  -was  not  entirely  preVefttddhy  adidS- 
feldh  'btf  th# 
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material  on  k&nd  in  the  laboratory  does  not  akow  any  a,ggl®m®ja 


readily  in  air  currents , 

With  the  different  atomiaing  device®  supplied  •with  tke  dryer,  tke 
equipiment  can  obviously  be  used  for  drying  many  other  materials  -with  a 
Vfid®  range  of  particle  siaes. 
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Prisr  to  shipment  of  th®  complete  spray  dryer  equipment  to  Edge- 
■wood  Arsenal,  the  varloas  components  will  be  color  coded  or  snmbered 
to  facilitate  assembly.  Jleferencs  to  the  illustrations  in  th®  techaical 
report  will  assist  in  determining  relative  positions  of  the  compoaeat  parts. 

After  the  equipment  has  been  assembled  and  the  appropriate  elec¬ 
trical,  esdiaust,  air  and  fluid  connections  have  been  made,  the  collacting 
receiver  can  be  a  on© -quart  or  one-half  gallon  wide  mouth  Mason  Jar 
fastened  into  place  below  the  cyclone  separator  as  shovi?a  in  Figure  16  and 
th®  blower  turned  on. 

The  heater  switches  ar®  thrown  into  the  "On”  position  and  the 
system  allowed  to  reach  the  desired  temperature  for  operation. 

If  the  centrifugal  disc  atomizer  is  used,  it  is  installed  through  th® 
top  of  the  dryer  shell  as  shown  in  the  diagram  and  photographs.  The 
solvent  solution  of  the  material  to  be  dried  is  then  fed  in  at  the  desired 
rate  to  provide  the  particle  size  required. 

When  using  the  pneumatic  type  nozzle,  the  nozzle  is  installed  to 
feed  from  the  side  as  shown  in  the  detailed  operating  photograph,  Figure  12. 
The  air  valve  is  then  opened  wide  and  air  at  50  psi  first  turned  on,  The  fluid 
flow  rate  is  adjusted  to  the  desired  rate  of  feeding  by  observing  the  flowrater 
and  use  of  the  Fisher  and  Porter  calibration  curve,  Figure  31. 

If  an  electrostatic  precipitator  is  to  be  used,  it  is  connected,  between 
the  blower  outlet  and  the  exhaust  duct.  At  the  end  of  a  run  the  equipment 
may  be  first  brushed  out  with  an  ordinary  clean  paint  brush  and  then  dis« 
assembled  and  thoroughly  cleaned  out  with  an  appropriate  solvent  or  cleans¬ 
ing  method  before  reassembly. 
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PAETi  LIST  -  SPRAT  BEUKQ  SQmPMEHT 

]-»- iiv'_ijr IV TLM-aeaa«MLiiijrn-TTi--iD«asBeea»eiegBaaefl«  fniir-niTat^BsegsasB^BT-rii  i  n  ^.BaBagEBan 

A.  Heats  g 

Z  -  i^QT,  7S0W  Cbremalox  strip  heaters 
4  -  240V,  750W  CSiromalox  strip  heaters 
12  -  Strips  #303  stainless  steal  strips  (see  drawing) 

12  -  1/4"  X  20  X  3/4"  stove  bolts 

1  -  stainless  steel  #1808  heater  shell  (drawing) 
Wiring,  #10  copper 

4  -  240V  switches 

2  -  120V  switches 

1  -  Sears  Roebuck  #9A  16967  protector  bag 

B .  Drying  Qiambe  r 

1  -  16"  X  22"  spun  aluminum  filter  pot 
1-60*  stainless  steel  cone 
1  -  10*3/4"  Mirro  aluminum  ring  salad  mold 
1  «  Sears  #98A  1515  adjustable  elbow 
4  ••  screws,  clamp  and  dogs 

C.  Atomigation  Apparatus 

1  -  Grainger  #2M037  motor 

1  •  400*6  "Swagelok"  steel  union 

1  -  fabricated  stainless  steel  shaft  and  turbine  wheel 

1  -  2"  X  8"  stainless  steel  tube 

1  -  1  / 4"  ball  bearing 

1  -  nylon  bushing  for  bearing 

1  -  1/4"  X  10"  copper  tubing 

1  -  #1/4  LN-60  centrifugal  noazle  (Spraying  Systems) 
1  *  #1A  J  pneumatic  nozzle  (Spraying  Systems) 

Air  and  fluid  lines,  air  valve 
Stainless  steel  container 
1  -  F&F  Flowrator  No.  O1N-150-A 
1  -  #  Bate  #UP*l  nozzle 


D.  Powder  Separation  Section 

1  -  Multicone  standard  61 F  size  1 
1  -  galvanized  adaptor 
1  *  adaptor  for  collection  jar 

E.  Blower  and  Miscellaneous 

Sears  #9 8 A  1515  adjustable  al.  elbows 
Sears  #98A  1514  al,  3"  ducting 
1  -  Grainger  #2G647  blower 
1  -  Dwyer  Flex-lube  Manometer  #25 

1  -  pipe  and  wood  fabricated  stand 

2  -  Weston  dial  thermometers  Model  2281 

Various  adaptors  for  ducting  were  fabricated  from  materials  at  hand 
Electrical  wiring,  plugs  and  outlets  as  needed. 
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Figure  i.  Curve  Sbswiag  the  Great  Inereaee  In  Liquid  Surface  Area 
Produced  When  a  Liquid  Sphere  1  cm.  in  Diameter  ia 


* 
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Figure  5.  Heater  Shell  »  Interior  Cross  Seetion  Detail. 
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Figure  9  .  Ceotrilugal  or  Spiiuaiag  Disc  Type  Atomizer, 


I 

\  ■ 
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Ki^urt’  I  Fli>w  Melrr  in  Liquid  Fteci  Lini*. 
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Figure  14a.  Bete  Impingement  Nozzle 


Figure  14b.  Pneumatic  Nozzle 
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Figure  17.  Electrostatic  Precipitator. 
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Figure  18. 


Photomicrograph  of  Spray  Dried 
PABA  +  1%  Catanac  SN  Showing 
Typical  Crystals  When  Dried 
frorn  Alcohol .  Solvent;  Alcohol 
and  Carbon  Tetrachloride. 


Figure  19.  Photomicrograph  of  Spray  Dried 
PABA  +  1%  Catenae  SN  Direct 
from  Dryer.  Solvent:  Acetone 
and  Carbon  Tetrachloride. 


Figure  20.  Photomicrograph  of  Spray  Dried 
PABA  Without  Catanac  SN. 
Solvent;  Acetone  and  Carbon 
Tetrachloride . 
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